Introduction
Disasters associated to natural hazards have been gaining increasing scientific interest in the last decades due to their significant socioeconomic and environmental impacts. Besides, the excessive growth of financial losses the insurance industry is confronted with during the last 30 yr implies an upward trend of natural disasters (MunichRe, 2012) . Additionally, recent literature addresses concerns over the impact climate change may have on the frequency and magnitude of extreme weather events (IPCC, 2012) . A possible future increase in weather extremes and their adverse consequences requires effective disaster risk management and adaptation to climate change. In that context, systematic monitoring and accounting for disaster losses help to enhance the arguments for coordinated disaster risk mitigation (UNISDR, 2011) and to provide the necessary tools for policy-making. Events due to natural hazards are separated into four basic groups: the geophysical events that concern mostly earthquakes, the meteorological events and specifically storms, the hydrological events with flooding and mass movement and the climatic events that include extreme temperatures, drought and wildfires (MunichRe, 2012) . Even though earthquakes are among the most catastrophic events and may cause a large number of fatalities, they are not considered in the present analysis, which focuses strictly on weather related events.
The last decade, scientists have addressed the social and socioeconomic aspects of disasters associated with weather parameters, to improve our understanding of the interrelations between hazards, vulnerability and risk perception (Messner and Meyer, 2006) . Llasat et al. (2008) examine the intrinsic hazards of major floods in Catalonia in northeast Spain, for years 2005 and 2006 , and assess the vulnerability of the affected areas, as defined by population growth and density. Following the concept of modern techniques on natural disaster risk evaluation, Lastoria et al. (2006) present a historical database of major floods that took place in Italy since 1951, structured to include data and information regarding geographical location, amount of precipitation, number of casualties and restoration funds. The analysis shows a considerable societal impact attributed to severe flood events, while the archiving of relevant data was intended to support risk mitigation policy measures. In the same line, Llasat et al. (2009b) develop a press articles database on natural disasters in Catalonia in order to study the development of social risk perception and its implication in risk management. The authors examine all types of high-impact weather events of the period 1982-2007, through a wide set of press articles related criteria. The analysis of the relationship between scientific data for severe weather events, their harmful results and press coverage indicates changes in communities' risk perception and acceptance of effective protection measures.
The continuous monitoring of weather-related damages is considered of great importance by both the scientific and end-user communities worldwide, as well as at European and national level. Collection of data and information concerning the impact of weather events at local or cross-border level are very useful in both disaster risk management and long-term statistical study of weather-related disasters. In 2006, the European Severe Storms Laboratory (ESSL) addressed the need for a homogeneous data format for reporting disastrous weather events, aiming at producing basic and statistical climatology and hazard assessment in European level. The ESSL recently proceeded to developing the first pan-European database of severe thunderstorm reports (Dotzek et al., 2009) , available "on-line" to the public and designed to cover all local severe storms with a high level of meteorological detail. Large flood events are also the subject of the Dartmouth Flood Observatory of the University of Colorado, which created a global active archive filled with information derived from news, governmental, instrumental and remote-sensing sources. The database provides geographical data, the duration of the event, the exact cause of the flood and an estimated severity index based on the recurrence interval (http://floodobservatory.colorado.edu/ Archives/index.html). One of the most important and open to the public databases, with wide geographical coverage, is the EM-DAT database (http://www.emdat.be), which is operated by the Centre for Research on the Epidemiology of Disasters (CRED) at Leuven University (l'Université catholique de Louvain) in Belgium and focuses on very large events with significant losses (more than 10 fatalities and over 100 people affected), thus, excluding events with smaller losses, the overall cost of which can be also significant. Similar is the NatCatService database (MunichRe, 2012), which, though, applies lower criteria for the entry of an event and provides economic damage costs and mortality rates (Kron et al., 2012) . The NatCatService is accessible to the public, but information about small events is not available.
Greece experiences a variety of weather events that are frequently followed by adverse consequences on the socioeconomic activity. Nevertheless, the recording and study of high-impact weather events and their negative consequences so far is partial, covering only certain time periods and regions of the country (Papanikolaou and Diakakis, 2011) and focusing mostly on flash floods, which are responsible for major damages and a large number of fatalities. Stathis (2004) , in his paper on the relation of extreme rainfall and floods in Greece, presents 150 intense flood events in the country for the period 1980-2002 and builds flood risk maps based on the geographical distribution of the events. The findings of this study show an increasing risk due to human related factors, such as urbanism and lack of flood-preventing measures. According to Ganoulis (2003) , the growth of population in urban, coastal and riverside areas has led to a remarkable increase in the economic impacts of flash floods in Greece during the last decades. Following the Directive 2007/60/EC on the assessment and management of flood risks, Floros (2009) formulates a single database record for flood events, analyses four large events of the last 50 yr in Attica Prefecture and produces flood hazard and risk maps. In their study on preliminary flood risk assessment for the city of Athens, Kandilioti and Makropoulos (2012) apply a GISbased multi-criteria methodology and generate flood risk and methodological complexity maps on the basis of hydrometeorological, morphological, socioeconomic and infrastructure related parameters.
The present paper introduces the development of a database of high-impact weather events in Greece, which are associated with various impact intensities. The database includes events related with floods, flash floods, hail, snow/frost, tornados, windstorms, heat waves and lightning. In addition, the database provides relevant meteorological data, classification of the events based on their weather intensity and impact intensity, geographical distribution of the events, as well as a brief description and references in the press. It covers all the high-impact weather events that occurred since 2001, while it is continuously updated to provide systematic monitoring and the foundation for future long-term impact analysis. Furthermore, the database is available online for educational and scientific purposes (http://www.meteo.gr/weather cases.asp). Thus, the present database aims not only to incorporate and systematically record previous and future high-impact weather events in Greece, but also to make this information available for future long-term societal impact analysis. Moreover, this study, based on the developed database, offers an extensive analysis of the temporal and spatial distribution of high-impact weather events for the period 2001-2011, taking into account the weather and impact intensity of each event.
The following sections present the methodological aspects related to the construction of the database, the sources of data and information used, as well as the analysis of the highimpact weather events in Greece during the last decade, followed by discussion and concluding remarks. The methodological aspects of the database development, use and application on societal impact analysis, concern the collection of past data with regard to high-impact weather events, the categorisation of the events according to their weather and impact intensity and the design of the database application.
Nat

Data and sources
Past data describing the weather events and their impact on society are drawn from the monthly bulletins redacted at the National Observatory of Athens (NOA), as well as from several news agencies and newspapers, available in hard-copy or online. As for the meteorological observations, the databases of the network of surface meteorological stations operated by NOA and by the Hellenic National Meteorological Service are used. The database covers events associated with various weather-related phenomena, namely floods, flash floods, hail, tornados, windstorms, heat waves, snow/frost and lightning or a combination of them. Specifically, each event may concern more than one type of phenomena, as well as more than one region of the country. It is usual, for example, to observe both flash flood and hail in the same day and to record negative consequences from both events. Namely, for the construction of the database, each event is associated with the weather-related phenomena that took place and also with its duration, which is connected to the occurrence of losses and is measured in days.
It should be noticed that landslides related to weather are not considered separately in the database, as suggested by the disaster category classification developed by CRED and MunichRe (Below et al., 2009 ), but rather as part of the damages induced during a high-impact weather event. The reason is that landslides constitute a cumulative effect of several factors, such as various and extended weather related processes the duration of which is not clear, human factors and morphology, and cannot be treated as isolated events. Additionally, droughts are not included in the database, since in Greece they do not associate it with direct societal impacts. Extended dry periods indirectly affect the water resources and, depending on the season, the sector of agriculture. However, the present analysis does not take into consideration weather events that caused exclusively agricultural losses, since they constitute a special category with thousands of cases involved requiring, thus, a different methodological approach. It is obvious that the high frequency of these cases would mask the importance of events with different types of damages, while issues regarding the sensitivity of agricultural production to weather invoke a separate impact intensity classification. The socio-economic impact of weather events in Greek agriculture is actually the subject of the authors' future work.
The examined high-impact weather events are geographically allocated over the Greek territory at prefecture level (51 in total). Further information required, apart from the geographical and temporal one, concern the kind of induced societal impact, the number and causes of human fatalities, if any, the estimate of impact and weather intensity, relevant meteorological data and press news sources. A shortcoming related to the database, is that it does not yet include economic losses caused by the high-impact weather events, because of the difficulty in collecting the specific data from the various governmental services and insurance companies implicated in the procedure of monetary compensations due to natural disasters.
Classification of high-impact weather events
High-impact weather, as defined by the Meteorological Service of Canada (Sills, 2009 ) "is weather that can result in significant impacts on safety, property and/or socioeconomic activity". More analytically, weather impact refers to adverse effects on society, such as transportation and network disruption, damages on infrastructure, buildings and vehicles, human fatalities and economic losses. Impact analysis, therefore, involves a clear identification of the criteria set to evaluate and classify the magnitude of events. In the recent literature, Llasat et al. (2008 Llasat et al. ( , 2010 ) discern three main categories of flood events, taking into account the type of impacts along with the hydrological profile of the flood. In the present analysis, two different classifications of high-impact weather events have been introduced, the first one based on the intensity of weather conditions and the second one based on the impact intensity, namely the type and magnitude of the overall impact of the event. It is, thus, possible to analyse events with a focus on the magnitude of impacts and to observe the relation between weather and impact intensity. More specifically, three levels of impact intensity (I ) and weather intensity (W ) are considered in the analysis and the categorisation shown in Table 1 has been adopted.
Impact intensity levels relate to the type and magnitude of the reported damages caused by each event, without though considering the actual economic damage costs, which are not available in the present analysis. Impacts considered are associated with human losses or injuries, with every-day activities and services, (e.g., transportation and network disruption, school closures), with damages in property (e.g., buildings and cars), with damages in infrastructure (e.g., electricity and telecommunication networks). The magnitude of impacts is further related to the number of prefectures affected, in order to standardise the classification of both the events identified during the studied period and also the forthcoming events, on the basis of objective criteria. Therefore, small-scale problems, limited to 1 out of the 51 prefectures of the country, correspond to the lowest level of impact intensity (I 1); large-scale problems that affect 2-4 prefectures, or one of the most populated cities of the country, as well as certified events of fire from lightning strikes, correspond to the middle level of impact intensity (I 2); human fatalities and/or widespread damages over at least 5 prefectures and/or events that cause problems in every-day activities (e.g., transport disruption due to snow) for more than 3 days, correspond to the highest level of impact intensity (I 3).
Weather intensity levels are also described in Table 1 . The network of the meteorological stations used in the present work for the identification and characterisation of the events has expanded considerably during the last decade and, thus, the available data do not permit to derive statistical/climatological thresholds of extremes. The station databases have variable record lengths and the geographical coverage of the oldest stations is poor in order to derive general objective weather intensity levels. Thus, a subjective choice of thresholds has been made ( Table 1) that is believed to not jeopardise the results that follow. Nevertheless for the definition of the weather intensity levels, the analysis of Amaro et al. (2010) , who made a study of the social impact of hazardous meteorological events in the frame of MEDEX (MEDiterranean EXperiment on cyclones that produce high-impact weather in the Mediterranean) project, has been also considered. Based on these criteria, an event derives its weather intensity if at least one of the thresholds and/or phenomenon of the relevant category has been exceeded and/or observed, respectively.
Database applications
All information regarding the high-impact weather events that occurred in Greece since 2001 have been stored in an Access database, to facilitate exploitation and dissemination of the statistical data and results. Two basic linked Tables have been created for that purpose, the relationship of which ("one-to-many") is shown in Fig. 1 , where each case corresponds to one high-impact weather event that may relate to multiple weather-related phenomena and to the affected prefectures.
The automated menu of the database consists of a search engine on the basis of key-parameters, such as the date of each event, the impact and weather intensity and the type of weather-related phenomena that occurred during each event, as well as of several summary reports and charts displaying, among others, the number and causes of fatalities and the distribution of events by year, month and prefecture.
The outputs constitute important informative material with regard to the characteristics and the evolution of high-impact weather events in Greece over the past decade. Furthermore, ongoing systematic recording shall permit in the future a long-term societal impact analysis with high quality data leading, thus, to validate statistical conclusions. In fact, the lack of long-term data and the uncertainty regarding the quality of existing historical data constitute two major obstacles to reach conclusions on the patterns of high-impact weather events (Kron et al., 2012; Easterling et al., 2000) . Equally in this study, the more the search is expanded backward, the greater the possibility for missing events or part of the overall impact of a certain event. The main reason is the lack of systematic records of high-impact weather events and their consequences. Additionally, limited coverage of past events and completeness issues relatively to the data provided by the news services, are likely to be associated with risk perception (Llasat et al., 2009a) , which is rather growing lately due to the increasing concern on natural disasters, their environmental and economic dimensions and the implication of urbanism to the magnitude of damaging effects.
Impact analysis
Temporal distribution
The database contains 201 high-impact weather events that occurred in Greece during the period 2001-2011. As explained in Sect. 2, each event may concern several types of the examined weather-related phenomena, which, in turn, may have affected several prefectures.
Figures 2-3 present the temporal (annual and monthly) distribution of the high-impact weather events, taking into account the estimated impact intensity of each one. The annual distribution shows considerable variations with a peak in 2010, a year during which 30 events were recorded. This variability, however, cannot be statistically assessed, considering the short time period examined. Accordingly, there is strong year-to-year variability in the number of events by impact intensity, although there is a noticeable numerical predominance of events with high impact intensity (categories I 2 and I 3) over the low impact ones (category I 1). This is partly related to the low share of events with W 1 weather intensity, although impacts of I 1 intensity are produced by W 2 and W 3 events as well, but to a smaller extent as it will be seen later (Fig. 11) . Of the total number of reported events, 32 % caused I 3 impacts, 46 % caused I 2 impacts and 22 % caused impacts of I 1 intensity.
High-impact weather events are more frequent in October and November. This is expected, taking into account the climatology of the Eastern Mediterranean Basin, which is characterised by high precipitation amounts during autumn (Katsanos et al., 2007; Lolis et al., 1999 ) that may produce severe floods (Lagouvardos et al., 1996) . Indeed, flash floods account for the 64 % of total events that occurred during October and November. Somewhat lower is the frequency of events during the winter months, while spring months and especially March and April were the months with the fewest cases of high-impact weather events. As it concerns the summer months, during which a significant number of events occurred, the thunderstorms that develop are localised, but they can be violent, with high rain rates and important lightning activity (Petrova et al., 2009; Mazarakis et al., 2008) .
One quarter of total reported events and 82 % of total I 3 events are associated with human fatalities. Monthly analysis of these cases (Fig. 4) indicates a high fatality rate attributed to summer months, followed by May and September. The seven fatalities in July are almost all related to lightning activity (5 out of 7). Overall, 84 people lost their lives during the period 2001-2011 due to weather events. More specifically, weather related human fatalities were mostly victims of flash flood events and lightning and much less of windstorm and tornado (Fig. 5) . Figure 6 shows the monthly distribution of human fatalities from lightning strikes. A total of 20 deaths have been reported over the past decade, the 19 of which occurred between May and September. All lightning events, except two, took place in central and especially in northern Greece. Indeed, a recent analysis of lightning activity (based on data from a lightning detection network) during summer in Greece revealed that thunderstorms affect mainly northern Greece during this period of the year (Mazarakis et al., 2008) , while southern Greece and the islands experience limited thunderstorm activity.
The distribution of the weather-related phenomena by their type is illustrated in Fig. 7 , for the entire period examined. As explained previously (Sect. 2) a case of high-impact weather event may concern more than one type of weather-related phenomena (for example occurrence of both windstorms and flash flood). Flash floods have been reported approximately in 130 out of the 201 events. Obviously, flash flood constitutes the most common weather-related phenomenon with damages in the Greek territory. Significantly lower are the percentages of the other phenomena, while flood and heat wave come last, representing 4 % and 1 %, respectively, of the total damaging events. Indeed, according to , during the period 2000-2006, flash floods have been found to be the most dangerous meteorological hazards in the entire Mediterranean area. It should be noted that Fig. 7 does not take into account the extent to which each weather-related phenomenon affects the country. This information is provided in Fig. 8 that shows the average number of prefectures affected by each type of weather-related phenomenon, with the aim to provide an indicator of their average impact range, in what concerns the period 2001-2011. Heat waves are excluded from Fig. 8 because of the small number of relevant events with certified impacts (only two heat waves with specific impacts have been reported). The average impact range of snow/frost (4.5 prefectures) exceeds by far the respective ones of the other types, which is though expected from the nature of the weather phenomenon. Besides, snow alone, or in combination with frost, usually lasts long and creates accumulated and rolling problems, such as road network cut off and power outage, that affect many regions . A medium impact range is estimated for flash flood, flood and windstorm, which negatively affect 2-2.5 prefectures by event on average, while more localised phenomena such as hail, tornado and lightning have an impact range of 1-1.5 prefectures. Figure 9 depicts the annual distribution of weather-related phenomena. Frequencies of all phenomena vary considerably from year to year, without exhibiting an overall increasing or decreasing trend. Except from flash flood events, the rest have been occurring irregularly, while flash flood ranks as the most frequent type in all years examined. At this point heat waves deserve a comment. Indeed, warm spells that result in temperatures of the order of 40 • C are not unusual for Greece (Prezerakos, 1989) . Although heat wave could be considered as a W 3 event, the degree of preparedness has increased the last decade and thus the impacts have reduced considerably. That is why the number of heat waves included in the database is quite low (2 in total). During the studied period, the June 2007 event was the most important one when the maximum temperature in Athens reached 44.8 • C (the absolute maximum temperature since 1897). This heat wave resulted in 5 deaths, while the same heat wave affected Italy, the Balkans and Cyprus where 42 deaths in total were reported (Kotroni et al., 2011) . Figure 10 compares the types of weather-related phenomena with regards to their impact intensity. Heat waves are excluded from this distribution, because of the small number of relevant events, like previously mentioned. As it concerns the cases of lightning, it is the only phenomenon, among the ones described in Fig. 10 , which causes no less than serious damages and specifically loss of human life, that is I 3 impact intensity, or fire, which associates with I 2 impact intensity, following the criteria presented in Table 1 . Windstorm and snow/frost are involved with events that produced about 50 % damages of I 3 impact intensity and almost no I 1 impact. Flash floods, tornados and hail, are associated mostly with events of I 2 impact intensity and much less of I 1 and I 3 intensity, while flood is associated mainly with I 1 events. Figure 11 illustrates the distribution of high-impact weather events based on both impact and weather intensity. The combined results can be seen as a rough indicator of the sensitivity of the society to weather severity. Events with lightning casualties are excluded from Fig. 11 to avoid misconception of results, since these events, by definition of the criteria (Table 1) , form a special combination of the lowest weather intensity (W 1) and the highest impact intensity (I 3) and no other combination could apply. As expected, higher weather intensities (W 2 and W 3) brought about mostly higher impact intensities (I 2 and I 3, respectively). As it concerns the W 1 events, with the exception of lightning events with fatalities, half of them relate to I 1 impact intensity and another half with I 2 impact intensity. The share of W 1 events is generally low (17 %), while over half of the events belong to the category W 2 and another 30 % to the category W 3.
Spatial distribution
In order to further analyse the sensitivity of the Greek territory to intense weather conditions, a spatial distribution of high-impact weather events that occurred between 2001 and 2011 by prefecture is captured in Fig. 12 . Specifically, the following picture informs us of the number of events that occurred to each prefecture. For presentation purposes the events have been grouped in five ranges (1-4, 5-9, 10-14, 15-19, ≥20) . Attica, Thessaloniki, Elia and Halkidiki were the most frequently affected areas, with 51, 27, 26 and 25 recorded events, respectively. Namely, approximately half of the high-impact events that occurred in the studied period affected at least one of these 4 regions, where the 47 % of the Greek population lives.
Attica, which is the capital of Greece, holds the 34 % of the total population and is the most affected region in Greece. Due to the high population density and intense economic activity, Attica constitutes a particularly vulnerable area to a variety of weather phenomena. Vulnerability to natural hazards increases further with the extended deforestation and urbanisation of this area. Indicative is the fact that, according to the present impact analysis, 50 % of the events with W 3 weather intensity, that affected Attica among others, produced very adverse effects, of I 3 impact intensity in the area.
The second largest city is Thessaloniki, with 10 % of the total population, while the prefectures of Elia and Halkidiki hold only 2 % and 1 % of the total population, respectively.
Flash flood was the main weather-related phenomenon with catastrophic consequences in both Attica and Thessaloniki, representing 62 % and 71 % of total events, respectively. Additionally, 50 % of total damaging weather-related phenomena in Halkidiki and 40 % in Elia were flash floods. Interestingly, according to Stathis (2004) , three of the above mentioned prefectures, namely Attica, Halkidiki and Elia, showed high vulnerability to flash flood hazards in the period 1980-2002 as well.
The second most frequent phenomenon in each of the top 4 regions is windstorm in Attica, snow/frost in Thessaloniki, tornado in Elia and lightning activity in Halkidiki. Especially as it concerns the tornados, Sioutas (2011) , who made a systematic investigation of tornados and waterspouts in Greece for the period 2000-2009, found that the probability of tornado occurrence for each of the Greek prefectures showed highest values for Kerkyra island and Elia in western Greece.
Approximately one fifth of the events that affected Attica and Thessaloniki, and one fourth of the events that occurred in Halkidiki belong to I 3 category of impact intensity. Among the top 4 regions, Elia exhibited the highest share of I 2 events (85 %) and the lowest share of I 3 events (4 %). The largest part of the country, specifically 19 out of 51 prefectures, is characterised by low frequencies of damaging events (5-9 events in the period 2001-2011). Another 16 prefectures were affected less than 5 times in the past decade, most of which are inland areas. On the other hand, all regions with high frequencies are located in the coastal zone of the country, which tends to be more heavily populated and, thus, more vulnerable to weather-related hazards compared to inland areas. This finding is in line with the conclusion of Ganoulis (2003) who associated the remarkable increase in the economic impacts of flash floods in Greece with the growth of population in urban, coastal and riverside areas.
Concluding remarks
The present paper introduced a database of high-impact weather events in Greece that combines meteorological data and descriptive information regarding the induced impact on society. The database concerns events recorded since 2001, including those with small, but not negligible impact, in order to cover a wide range of impact intensity categories. The studied high-impact weather events were associated with various weather-related phenomena, namely floods, flash floods, hail, tornados, windstorms, heat waves, snow/frost and lightning. This paper also presented an analysis of the temporal and spatial distribution of high-impact weather events, for the period 2001-2011, which have been classified according to the weather and impact intensity. Thus, it is possible to focus on the analysis of impact intensity and also to analyse impact intensity in comparison to weather intensity. The different levels of impact intensity are based on the magnitude of the weather related consequences and the number of areas affected. For that, geographical distribution of events is made at prefectural level.
The annual distribution of high-impact weather events recorded in Greece in the period 2001-2011 showed considerable variations with a peak in 2010. The frequencies of events by impact intensity also vary to an important degree from year to year, while the percentage of events having very high impact intensity (I 3) ranges from 18 % to 70 %. October and November exhibited the highest frequencies of events. Overall, 84 people lost their lives during the one quarter of total events recorded in the past decade. Half of these fatalities are attributed to flash flood events, while lightning caused 20 deaths that were recorded almost exclusively between May and September.
Half of the recorded weather-related phenomena were flash floods, which constitute the most frequent type of the examined phenomena throughout the period 2001-2011. Flash flood associates by 55 % with events of I 2 impact intensity and by 26 % with events of I 3 impact intensity. In general, with the exception of lightning events with human fatalities, which are by definition W 1-I 3 events, the pattern of the relation between weather and impact intensity indicates that events classified into a specific weather intensity category, most probably associate with impact intensity of the same level.
In what concerns the spatial distribution of high-impact weather events, among the 51 prefectures of the country, Attica, Thessaloniki, Elia and Halkidiki were the most frequently affected areas, mainly by flash floods. Moreover, the frequency of tornados in Elia, of windstorms in Attica, of lightning and hail events in Halkidiki and of snow/frost events in Thessaloniki was high.
The design and maintenance of the present database constitute an initiative of the atmospheric modelling group of the National Observatory of Athens, with the intention to provide a tool for societal impact analysis of weather events in Greece. What is very important, apart from the originality of the database, is that it is available "on-line" for educative and scientific purposes and it is continuously updated to provide systematic monitoring and the required data for future long-term statistical analysis. However, limitations regarding the present research exist and associate mostly with the lack of economic cost data, which would certainly offer the possibility to define more objective thresholds for impact intensity and, thus, to develop an integrated socioeconomic impact analysis. It is in the future plans of the authors to further explore the possibility to obtain such data, which is, however, depending on the coordination of the various governmental services and insurance companies implicated in the procedure of compensations related to natural disasters. Furthermore, the authors are planning to investigate the socio-economic impact of weather events in Greek agriculture, which accounts for significant losses related to crop production and livestock.
